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Abstract
India is home to the world’s second largest Indigenous population, comprising 8.6% of the national population. They 
are constitutionally recognised as ‘Scheduled Tribes’ to aid their development after centuries of oppression and socio-
cultural marginalisation through the caste system. Limited disaggregated data exist on India’s Scheduled Tribe popu-
lations’ health outcomes, including for Indigenous women. Kerala, one of India’s southern states, is an intriguing case 
study. The State has outperformed other Indian states and South Asian countries with respect to a number of health and 
education indicators despite its more modest economic performance. Relatively little is known, however, about whether 
the State’s tribal or ‘Adivasi’ population is prospering. This article used data from a cross-sectional observational study of 
tribal women conducted in the Attappady area in the Palakkad district in Kerala, South India, which has a dense tribal 
population. The outcomes for these communities were compared with the relevant United Nations 2030 Sustainable 
Development Goal (SDG) indicators as well as Kerala State data to identify areas of growth and need. The findings of this 
case study highlight successes as well as persisting gaps in health outcomes for women and children in marginalised 
tribal communities. Using a strengths-based approach, we propose possible strategies to address the perceived gaps.
1 Introduction
Globally, Indigenous peoples are disadvantaged, even in high income countries [1]. While standards of living and life 
expectancies have improved for most, Indigenous communities have not prospered like their non-Indigenous counter-
parts [2]. Historically, inequities have arisen as a result of their social, cultural and religious marginalisation and geographic 
isolation. These factors have impeded their access to quality health care, education and economic opportunities [3, 4]. 
In 2007, the United Nations Declaration on the Rights of Indigenous Peoples was adopted to protect the basic human 
rights and liberties of Indigenous Peoples as well as their right to self-determination and self-government [5].
Sustainability is a core philosophy shared by many Indigenous communities. They are custodians of centuries and 
in some cases, millennia of knowledge of the lands’ biodiversity and environmental adaptation. Their profound respect 
for the land and nature is inextricably linked to their cultural and spiritual beliefs. Colonisation has endangered many 
Indigenous communities in the past few centuries. Globalisation has posed the most recent threat. Indigenous women, 
who are pivotal to the preservation of cultural heritage and transmission of traditional knowledge down the generations, 
have been disproportionately disadvantaged by globalisation, with changing sociocultural norms and dispossession 
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of land and natural resources. They have fallen particularly vulnerable to physical, emotional and sexual violence, drug 
and alcohol misuse, incarceration and discrimination both within and outside their communities [1]. Their limited health 
care access, educational opportunities, employment and participation in decision-making bodies further disenfranchise 
Indigenous women [6].
The United Nations 2030 Sustainable Development Goals (SDGs) codified in 2015, provide a comprehensive set of 
targets that seek ‘to leave no one behind’ and address inequities between population subgroups. Achieving gender 
equality is a key priority for the next decade which includes improving workforce participation and pay equality (SDG 
1), nutrition and food quality (SDG 2), chronic disease and disability (SDG 3), universal access to sexual and reproductive 
health care in addition to maternal health and well-being (SDG 3), reducing female discrimination and violence (SDG 5), 
clean water and sanitation (SDG 6), improving living conditions (SDG 11) and political empowerment (SDG 16) [7]. There 
is criticism that insufficient consideration was given to the challenges facing Indigenous peoples in the SDGs as only two 
of the 169 SDG targets specifically mentioned Indigenous peoples [8]. Nevertheless, there is worldwide interest from 
governments, non-government organisations and Indigenous groups in complying with the SDG targets.
The focus on investing in women’s health, education and empowerment appropriately reflects the evidence base 
showing benefits for children’s survival and overall community well-being [9]. One systematic analysis reported that due 
to increased women’s education in the sub-Saharan region, childhood mortality did not increase as a result of the HIV 
epidemic [10]. Drawing from this inference, a greater emphasis on improving the health and well-being of Indigenous 
women and their empowerment may be the key to ‘closing the gap’ and improving the prospects and survival of Indig-
enous communities overall.
This study examined the health status of women and children in the Indigenous tribal ‘Adivasi’ communities of Attap-
pady in Kerala, India. Attappady, as a case study, attempts to highlight some of the successes as well as areas of need for 
women and children in marginalised communities. We offer possible strategies to address the identified needs.
1.1  Understanding the study context
India has the second largest population of Indigenous People—104.5 million (8.6% of the population) belonging to 705 
‘Scheduled Tribes’ protected under Article 342 of the Indian Constitution [11, 12]. According to the 2011 Indian Census 
data, Kerala, one of the southern Indian states, has a Scheduled Tribe population of 484,839, accounting for approxi-
mately 1.5% of the total population of Kerala (33.4 million) [11]. The majority of Kerala’s Scheduled Tribes are found in 
the interior and hilly districts of Wayanad (31.2%), Idukki (11.5%) and Palakkad (10.1%) [13]. Attappady, a region of the 
Palakkad district of Kerala nestled in the Silent Valley National Park and Nilgiri ranges of the Western Ghats, has a Sched-
uled Tribe population of 27,121 [13] with three distinct Scheduled Tribes—the Irular (77.6%), the Mudugar (15.7%) and 
the Kurumbar (6.7%) tribes. Attappady has attracted negative media attention at a state and national level for its high 
infant mortality and malnutrition-related deaths [14, 15]. In 2013, infant mortality in Attappady was more than fourfold 
that of the rest of Kerala [15].
Since 1974, the Kerala Government has made specific budget provisions for Scheduled Tribe development pro-
grammes. In 1976, the Attappady Integrated Tribal Development Project was the first of its kind to be established by the 
Government of Kerala to address specific tribal areas of need [13]. In 2015–2016, the equivalent of $56.3 million USD were 
spent on educational programmes, housing schemes, treatment of tuberculosis, leprosy, scabies, sickle cell anaemia and 
water-borne diseases, to name a few initiatives [13].
Previous work in the field of Indian tribal health has highlighted the challenges of generating high quality data to 
monitor health outcomes for vulnerable tribal populations, with discrepancies between the data and reality in the 
field [16]. Previous community-based cross-sectional studies in other Indian tribal populations have been conducted 
to determine childhood immunisation rates [17], cervical cancer screening awareness [18] and maternal health service 
utilisation [19, 20]. Across these studies, women’s education was highlighted as one of the positive predictors of better 
maternal and child health outcomes [16–20].
Kerala has the highest level of women’s education and literacy in the country and is one of two Indian states where 
females outnumber the number of males [13]. The State is not the wealthiest in terms of gross domestic product (GDP) 
per capita, so Kerala is an interesting case study in terms of how women’s education and literacy is likely to be a signifi-
cant factor in explaining why the State is outperforming other states across a range of health indicators. For example, 
Kerala has the highest life expectancies in India—74.9 years in Kerala compared with 67.9 years in India [21]—and the 
lowest infant mortality rate in the country which are comparable with those of middle-high income nations, surpassing 
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the SDG target for 2020 [22]. There is, however, a paucity of disaggregated data pertaining to the health status of tribal 
communities in Kerala, including Attappady [23].
1.2  Rationale for study location
Attappady was chosen as the study setting because of the area’s high density of Scheduled Tribe populations. The 
region has attracted national and state-level attention in media reports for high infant mortality and malnutrition rates. 
The State Government has made the region a priority for investment in health and social interventions. There are, how-
ever, scarce disaggregated health data for Attappady’s tribal women and children which hinders effective social policy 
development. The present study sought to gather data on the general health and well-being of tribal women and their 
children in the Attappady region through a cross-sectional survey of tribal women as well as anecdotal experiences from 
non-government organisational workers and local primary health care providers. The findings highlight successes and 
potential areas for growth and investment to achieve the 2030 SDGs.
2  Methods
2.1  Survey methodology
A cross-sectional survey was conducted in 24 tribal hamlets from all three panchayats (tribal blocks) in the Attappady 
region between December 2014 and January 2015. Two hundred and sixty-two women aged 18 and over (legal age for 
consent) were recruited from the Irular, Mudugar and Kurumbar tribes and consented to participate in structured inter-
views. The outcome measures for the survey (Additional file 1: Appendix S1) were informed by the UN 2015 Millennium 
Development Goals targets prior to the publication of the 2030 SDGs [24]. India’s National Family Health Survey (NFHS-4) 
2015–2016 provided Kerala State data for comparison. The NFHS-4 survey was conducted in Kerala between March and 
October 2016 with over 11,000 women surveyed and a response rate of 98.3% [25]. The data were compared with the 
relevant SDG targets listed in Box 1. This study was approved by Bond University’s Human Research Ethics Committee 
(RO 1909). The study was conducted in accordance with the Helsinki Declaration of 1975, as revised in 2000.
2.2  Box 1—Relevant 2030 Sustainable Development Goals [7]
2.2.1  Target 2: End hunger, achieve food security and improved nutrition and promote sustainable agriculture
2.1  By 2030, end hunger and ensure access by all people, in particular the poor and people in vulnerable situ-
ations, including infants, to safe, nutritious and sufficient food all year round.
2.2  By 2030, end all forms of malnutrition, including achieving, by 2025, the internationally agreed targets 
on stunting and wasting in children under 5 years of age, and address the nutritional needs of adolescent 
girls, pregnant and lactating women and older persons.
2.5  By 2030, maintain the genetic diversity of seeds, cultivated plants and farmed and domesticated animals 
and their related wild species, including through soundly managed and diversified seed and plant banks 
at the national, regional and international levels, and promote access to and fair and equitable sharing of 
benefits arising from the utilisation of genetic resources and associated traditional knowledge, as inter-
nationally agreed.
2.2.2  Target 3: Ensure healthy lives and promote well‑being for all at all ages
3.1  By 2030, reduce the global maternal mortality ratio to less than 70 per 100,000 live births.
3.2  By 2030, end preventable deaths of newborns and children under 5 years of age, with all countries aiming 
to reduce neonatal mortality to at least as low as 12 per 1000 live births and under-5 mortality to at least 
as low as 25 per 1000 live births.
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3.7  By 2030, ensure universal access to sexual and reproductive health-care services, including for family 
planning, information and education, and the integration of reproductive health into national strategies 
and programmes.
3.8  Achieve universal health coverage, including financial risk protection, access to quality essential health-
care services and access to safe, effective, quality and affordable essential medicines and vaccines for all.
2.2.3  Target 4: Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all
4.1  By 2030, ensure that all girls and boys complete free, equitable and quality primary and secondary educa-
tion leading to relevant and effective learning outcomes.
4.3  By 2030, ensure equal access for all women and men to affordable and quality technical, vocational and 
tertiary education, including university.
4.4  By 2030, substantially increase the number of youth and adults who have relevant skills, including techni-
cal and vocational skills, for employment, decent jobs and entrepreneurship.
4.5  By 2030, eliminate gender disparities in education and ensure equal access to all levels of education and 
vocational training for the vulnerable, including persons with disabilities, indigenous peoples and children 
in vulnerable situations.
2.2.4  Target 6: Ensure availability and sustainable management of water and sanitation for all
6.1  By 2030, achieve universal and equitable access to safe and affordable drinking water for all.
6.2  By 2030, achieve access to adequate and equitable sanitation and hygiene for all and end open defecation, 
paying special attention to the needs of women and girls and those in vulnerable situations.
6.3  Support and strengthen the participation of local communities in improving water and sanitation man-
agement.
2.2.5  Target 11: Make cities and human settlements inclusive, safe, resilient and sustainable
11.1  By 2030, ensure access for all to adequate, safe and affordable housing and basic services and upgrade 
slums.
11.2  By 2030, provide access to safe, affordable, accessible and sustainable transport systems for all, improv-
ing road safety, notably by expanding public transport, with special attention to the needs of those in 
vulnerable situations, women, children, persons with disabilities and older persons.
2.3  Statistical analysis
Individual participant data were de-identified, coded and entered into IBM SPSS Statistics 24 software for analysis. 
Descriptive data were analysed by tribal groups. For dichotomous outcomes, the Chi-square test was used. The Pearson 
Chi-square test measured statistically significant differences in the proportions (%) across the three tribes. For continu-
ous variables, a normality test was conducted using quantile–quantile plots and the Shapiro–Wilks test. For normally 
distributed continuous data, a one-way independent measure analysis of variance (ANOVA) test was used to compare 
means and standard deviations. If the Shapiro–Wilks test was significant, implying data were not normally distributed, 
the non-parametric Kruskal–Wallis test was used to compare the medians of the three populations. Statistical significance 
was assumed if the p value was < 0.05.
3  Results
3.1  Study populations
Table 1 provides the baseline characteristics of the 262 women surveyed from the three tribes in terms of their marital 
status and education level.
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3.2  Findings in relation to the relevant SDG goals and targets (Box 1)
3.2.1  SDG goal 2—end hunger, achieve food security and improved nutrition and promote sustainable agriculture
Between 31 and 60% of women from all three tribes were at high risk of malnutrition (Table 2). Low household income, 
eating fewer than three meals a day and consumption of rice without supplementary micronutrient-rich vegetables 
were some of the reasons identified by the survey. Mass deforestation led to changes in the crops cultivated in the area, 
affecting the diversity and nutritional content of their diet. Their traditional diet previously comprised of millets, cereals, 
pulses, seasonal vegetables, wild edible plants, fish and small animal meat, but their land now predominantly cultivates 
bananas, sugar cane and other cash crops (SDG Target 2.5). Some women explained they would sell home-grown vegeta-
bles as a source of supplementary income. Iron deficiency was the leading cause of anaemia and the most widespread 
micronutrient deficiency followed by folic acid, iodine and vitamin A [26]. Iron deficiency anaemia is associated with 
increased maternal morbidity and mortality [27], as well as adversely impacting neonatal and infant growth, develop-
ment, productivity and even childhood mortality [28].
3.2.2  SDG targets 3.1 and 3.7—reproductive health
3.2.2.1 Contraception The main form of contraception offered by medical outreach camps and health care facilities was 
tubal ligation as part of the State Government’s family planning initiative (Table 3). The success of the family planning 
Table 1  Baseline characteristics of the 262 women surveyed from the three tribes in Attappady
Statistical tests: one-way analysis of variance (ANOVA), Pearson’s Chi-square test (χ2), Independent sample t-test (ISTT)
NSD no significant difference
p values indicated as NSD (no significant difference) suggest that the p > 0.05
The letters a,b,c denote statistically significant differences in values across the three tribes
The letters x,y,z denote statistically significant differences across age groups in the same tribe
† Excluded from analysis as insufficient participants—1 = mean: 12.0
¶ Assuming non-equal variance
Baseline characteristics Irular Kurumbar Mudugar Statistical signficance Test Kerala data (%) [25]
Participants (n) 173 40 49 11  033p.11
Mean age (±SD) 31 ± 9.1 27 ± 6.7 33 ± 9.3 NSD ANOVA NA
 Response: n (%) 172 (99) 40 (100) 49 (100)
% married 84.7 88.2 92.9 NSD χ2 NA
 Response: n (%) 171 (99) 40 (100) 49 (100)
Education
 % women with no formal education by age category
  18–24 years 15.9ax 46.7b 18.2ax p = 0.048ab χ2
  25–34 years 33.9x 38.9 22.2x NSD χ2
  ≥ 35 years 63.5y 83.3 73.7y NSD χ2
  Total 40.7 48.7 41.7 NSD χ2 4.2p.45
  Response: n (%) 167 (97) 39 (98) 48 (98)
  Between age-groups p < 0.001xy NSD p = 0.001xy χ2
 Mean level of education (years ± SD)
  18–24 years 10.2 ± 2.6x 10.3 ± 2.4x 9.3 ± 3.8 NSD ANOVA
  25–34 years 8.3 ± 3.0ay 6.3 ± 2.6by 10.2 ± 1.6c p = 0.002abc ANOVA
  ≥ 35 years 6.6 ± 2.9az † 8.4 ± 0.9 b p = 0.021ab ISTT¶
  Mean 8.7 ± 3.1 8.2 ± 3.2 9.6 ± 2.5 NSD ANOVA Median: 8.7p.45
  Response: n (%) 97 (92) 20 (95) 28 (97)
  Between age-groups p < 0.001xyz p = 0.003xy NSD
 % women completed secondary 
education or higher education
18.4 12.5 14.3 NSD χ2 47.8
  Response: n (%) 166 (95) 39 (98) 48 (98) ([29], p. 67, [40])
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initiative was evidenced by the rate of sterilisation—between 47 and 63% compared with the State average of 36%. Most 
women had two or three children and the State’s average fertility rate was 1.6 [25].
3.2.2.2 Ante‑natal care A lower proportion of tribal women (63 to 80%) reported attending at least one ante-natal visit 
compared with the State average of 92.6% (Table 3) [25, 29]. The World Health Organization’s standards of ante-natal 
care have changed, stipulating that pregnant women must attend at least eight ante-natal visits compared with the pre-
vious recommendation of four ante-natal visits, which would be a challenging benchmark for ante-natal care delivery in 
Attappady [30]. The issues listed including (1) distance to obstetric facility, (2) frequency of ante-natal care visits, (3) rate 
Table 2  Public health outcomes for the 262 women from the three Attappady tribes
Statistical tests: Kruskal Wallis test (KW), Pearson’s Chi-square test (χ2)
The letters a,b,c denote statistically significant differences in values across the three tribes
NSD no significant difference
p values indicated as NSD suggest that the p > 0.05 (no significant difference)
Public health outcomes Irular Kurumbar Mudugar Statistical 
significance
Test Kerala State 
data (%) 
[25]
Median duration (h) to primary health-care services 0.5a 6b 2c p < 0.001 KW NA
 Response: n (%) 169 (98) 40 (100) 46 (94)
% attending a health-care facility/camp in the past year 73.8a 90.0b 89.6b p = 0.011 χ2 42.1p.381 
(attended in 
past 3 months)
 Response: n (%) 164 (95) 40 (100) 48 (98)
Malnutrition risk
 % high risk of malnutrition (score ≥ 6) 56.1a 60.0a 30.6b p = 0.001 χ2 NA
 Response: n (%) 245 (94) 40 (100) 49 (100)
 % anaemia (historic or current) 39.4a 61.5b 63.2b p = 0.032 χ2 34.3p.337
 Response: n (%) 170 (98) 39 (98) 49 (100)
Immunisation
 % tetanus immunisation 39.4 60.0 44.9 NSD χ2 NA
 Response: n (%) 170 (98) 40 (100) 49 (100)
Clean water, sanitation and housing
 Source of drinking water (%)
  River, streams 50.0 34.3 30.6 χ2
  Pipe water, bore-well 50.0 65.7 65.3 NSD 94.3p.29
  Others (pond) 0 0 4.1
  Response: n (%) 164 (95) 35 (88) 49 (100)
 % water boiled prior to consumption 50.9a 22.2b 87.5c p < 0.001 χ2 NA
  Response: n (%) 169 (98) 36 (90) 48 (98)
 Most common bathing location
  River 67.7 77.5 72.9 NSD χ2 NA
  Outdoor bathroom 19.8 20.0 27.1 NSD
  Home bathroom 12.5a 2.5b 0b p = 0.018
  Response: n (%) 167 (97) 40 (100) 48 (98)
 % regular hand-washing 86.2a 100b 100b p = 0.001 χ2 NA
  Response: n (%) 167 (97) 40 (100) 49 (100)
 % access to latrine 21.7a 5.0b 8.2b p = 0.008 χ2 99.2p.29
  Response: n (%) 166 (96) 40 (100) 49 (100)
 % living in 23  m2 squared dwellings with ≥ 5 occupants 42.2a 70.0b 45.8a p = 0.006 χ2 NA
  Response: n (%) 166 (96) 40 (100) 48 (98)
 % barefoot outdoors 48.1a 37.1ab 21.3b p = 0.004 χ2 NA
  Response: n (%) 160 (93) 35 (88) 47 (96)
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of home births with no skilled birth attendants and (4) limited understanding of the importance of maternal nutrition 
and supplement intake, all provide an overall indication of maternal health in the Attappady tribal population. Although 
this study did not ascertain maternal mortality rates in the region, addressing these issues could improve maternal out-
comes and mortality rates among tribal women in Attappady (SDG Target 3.1).
3.2.2.3 Peri‑natal care Between 43 and 56% of tribal women gave birth in a heath facility. Home births in the absence of 
a skilled birth attendant was common (Table 3). This correlates with lower rates of obstetric intervention as only 2 to 11% 
of women underwent Caesarean section, which was much lower than the rest of the State (36%) [25]. Various Obstetrics 
and Gynaecology Societies are divided about the safety of planned home births and health facility births with skilled 
birth attendants. The absence of skilled birth attendants does, however, increase the risk of life-threatening obstetric 
and neonatal complications such as post-partum haemorrhage, puerperal infections, obstructed labour and foetal dis-
tress, leading to maternal and neonatal mortality [31]. According to the United Nations Population Fund estimates, a 
skilled birth attendant can reduce two-thirds of all maternal and newborn deaths [32]. The WHO recommends that every 
birth is attended by a skilled birth attendant who is equipped to manage the potential complications of childbirth, but 
this is a challenge for many women in lower resource settings [33].
3.2.3  SDG target 3.2—child health
Another area of success was the high uptake of childhood immunisations in tribal children, with a large proportion 
(78–94%) of women reporting their children had received all the age-recommended immunisations. This is comparable 
with the Kerala State average of 82% (Table 4) [25, 34]. Immunisations were provided by mobile medical units or hospital 
clinics.
Table 3  Maternal health outcomes for the 262 women across the three Attappady tribes
The letters a and b denote statistically significant differences in values across the three tribes
∂ any method of contraception used
∑ female sterilisation rate (tubal ligation)
Statistical tests: one-way analysis of variance (ANOVA), Pearson’s Chi-square test (χ2)
Women’s maternal and reproductive health indicators Irular Kurumbar Mudugar Statistical 
signifi-
cance
Test Kerala state 
data (%) 
[25]
Total fertility rate (mean number of children ± SD) 1.9 ± 1.4a 2.4 ± 1.5ab 2.4 ± 1.3b p = 0.034 ANOVA 1.6p.109
 Response: n (%) 138 (80) 34 (85) 45 (92)
% never conceived 21 15 9 NSD χ2 NA
Mean age at first pregnancy (±SD) 18.7 ± 3.2 18.8 ± 3.1 19.5 ± 3.3 NSD ANOVA NA
 Response: n (%) 155 (90) 36 (90) 43 (88)
% first pregnant under age 20 47 56 55 NSD χ2 3.0p.100
 Response: n (%) 155 (90) 34 (88) 38 (84)
Ante-natal care
 Proportion of women who attended at least one ante-natal care visit 63 74 80 NSD χ2 92.6p.216
 Response: n (%) 136 (99) 34 (100) 43 (96)
 Complications at pregnancy or birth 20 16 27 NSD χ2 NA
 Response: n (%) 133 (97) 32 (94) 44 (98)
Births
 Births (n) 329 91 119
 % births by Caesarean section 7.4 2.2 10.7 NSD χ2 35.8p.248
 % births in a health facility or with skilled birth attendants (mid-
wives/medical officers) present
47 43 56 NSD χ2 99.9p.248
 Response: n women (%) 136 (99) 34 (100) 43 (96)
Contraception
 % female sterilisation (tubal ligation) 47 48 63 NSD χ2 45.8 ∑p.123
 Response: n (%) 159 (92) 40 (100) 48 (98) 53.3 ∂p.123
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The average birth weight was reported to be 2.4–2.6 kg across the three tribes, whereas only 15% of Kerala women 
reported their child(ren) weighed 2.5 kg or less at birth. Thus, it can be inferred that more than half of all children in Attap-
pady were born underweight by Indian standards. The high infant mortality in the Attappady region attracted significant 
media attention [14, 15], with considerable numbers of neonates having low birth weights and dying from malnutrition.
It was difficult to reliably estimate infant mortality in the area as the numbers were self-reported by women, some of 
whom had first given birth more than two decades ago. Our estimates (infant mortality of 28 deaths per 1000 live births 
and child mortality of 37 deaths per 1000 live births) could be an under- or over-estimation of the problem and would 
require access to birth, hospital or childhood records for a more reliable result (even though half of the births were in a 
health care facility) (Table 5). For 2015, Kerala’s infant mortality rate was estimated to be 10 deaths per 1000 live births in 
2016, with child mortality (under 5) recorded as 12 deaths per 1000 live births [35, 36]. The SDGs calls for infant mortality 
to be reduced worldwide to less than 12 per 1000 live births and childhood mortality below 25 per 1000 live births [7]. 
Kerala is the only State among the bigger Indian States to have achieved these SDG targets, when the national infant 
mortality rates is 34 deaths per 1000 live births, and the under-five mortality is 48 deaths per 1 000 live births [35, 36]. 
Scheduled Tribes from rural populations like the three tribes in Attappady had an infant mortality rate of 47 deaths per 
1000 live births and under-five mortality rate of 57 deaths per 1000 live births [35]. Making comparisons between this 
study’s findings and State or National data is not advisable given this study’s methodology.
3.2.4  SDG target 3.8, 11.2—access to health care
Kurumbar women had significantly longer travel times to the nearest health care facility (p = 0.00) compared with the 
other tribes, due to poor road conditions, difficult terrain and unreliable transport particularly at night (Table 2). In the 
monsoon season, access to health care was even more challenging. A mobile medical unit with a travelling doctor and 
nurses set up medical camps in remote communities on a monthly basis. The result that more Kurumbar and Mudugar 
women (Table 2) reported some form of health care contact compared with Irular women could indicate the success of 
these medical camps.
Table 4  Child health 
outcomes for the 262 women 
across the three Attappady 
tribes
The letters a and b denote statistically significant differences in values across the three tribes
*15.5% Kerala women reported their child(ren) had birth weights < 2.5 kg ([29], p. 264)
Statistical tests: one-way analysis of variance (ANOVA), Pearson’s Chi-square test (χ2)
Child health indicators Irular Kurumbar Mudugar Statistical 
signifi-
cance
Test Kerala state 
data (%) 
[34]
% age-recommended immunisation 78.2a 93.9b 93.2b p = 0.015 χ2 82.1p.269
 Response: n (%) 133 (77) 33 (83) 44 (90)
% neonatal medical checks 58 67 67 NSD χ2 49.1p.248
 Response: n (%) 133 (77) 33 (83) 42 (86)
Mean birth weight (BW) (kg ± SD) 2.6 ± 0.5 2.4 ± 0.4 2.6 ± 0.7 NSD ANOVA NA*
n births (%) with birth weights 151 (46) 30 (33) 54 (45)
Table 5  Infant and child 
mortality across the total 
number of live births across 
the three Attappady tribes
Deaths Attappady total 
(total)
Attappady tribes (per 1000 
live births)
Kerala state (per 
1000 live births)
Infants 15 28 10 [35]
Children < 5 years 20 37 12 [36]
Live births across all tribes 539
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3.2.5  SDG goal 4—education
Rates of education demonstrated a promising trend, as younger tribal women were more likely to be educated and 
complete more years of schooling (year 9–10), compared with older women (Table 1). This suggested increasing levels 
of education for younger generations. Overall, 12 to 18% of tribal women pursued higher education compared with 
48% of Kerala women. As the local boarding school in Agali (town centre of Attappady) does not offer education above 
Standard 10, girls (and boys) had to travel or board in a secondary school in the nearest cities of Palakkad, Thrissur, Cochin 
or Coimbatore which are 60, 103, 192 and 58 km away, for further education. Anecdotally, pursuing higher education in 
these communities did not appear to be a significant priority as employed women predominantly worked in agriculture 
which does not require higher qualifications. Interestingly, in spite of Kerala’s growing enrolment of women in higher 
education (with 59% of students enrolled in university between 2014 and 2015) [36], female employment has fallen in 
recent years [29, 37]. This might explain the higher incidence of pregnancies in tribal women under 20 years of age, as 
fewer employment opportunities in remote communities may result in earlier childbearing. It was also suggested from 
anecdotal experience that “the lack of sanitary facilities in schools for adolescent girls were a major factor in retention 
of girls at school. Local NGOs attempted to construct special rooms which contained such facilities in both schools and 
hostels though it was unknown whether there was uptake of these facilities or whether this translated into increased 
school retention rates for adolescent girls. The conventional tribal mindset was to keep girls at home once they reach 
puberty and begin the process of looking for prospective grooms”.1
3.2.6  SDG goal 6—access to clean water and sanitation
Access to clean water and sanitation facilities appears to be an area of need in the Attappady region when comparing 
State data and the SDG Target 6 (Table 2). One-third to half of all women reported their primary source of drinking water 
to be a river or stream and only one-fifth of women in one tribe consistently boiled water before drinking (Table 2). An 
NGO worker cited that “a small proportion of Mudugar tribal people had access to collect firewood for fuel though they 
were aware of the need to boil water” (see footnote 1). Therefore in these cases, lack of firewood was the main reason for 
not always boiling water. Kurumbar women who had access to firewood were, however, not consistently aware of the 
importance of boiling water (see footnote 1).
Safe drinking water should be accessible to all communities by 2030 (SDG Target 6.1) which may involve infrastructural 
investment. With access to household latrines (5–22%) considerably lower than the 99.2% State average [25, 29], open 
defaecation was common practice in all three communities (Table 2). This would increase the risk of diarrhoea, dysentery 
and spread of diseases such as viral, bacterial and parasitic infestations via faecal-oral transmission [38]. Further, walking 
barefoot outdoors on contaminated soil is the primary mode of transmission for parasitic infections as larvae penetrate 
the skin [38]. The practice of open defaecation is also linked to increased risk of physical and sexual violence against 
women, with one nation-wide Indian study reporting that women who practise open defaecation are twice as likely to 
experience non-partner sexual violence compared with women who had a household toilet [39].
3.2.7  SDG goal 11—creating safe, resilient and sustainable living settlements
Across the three tribes, 42–70% of women reported staying in overcrowded living conditions (Table 2). Most houses were 
small cement 250 ft2 (approximately 23 m2) dwellings with two or three rooms (common area, bedroom and/or kitchen). 
These houses were constructed in the 1970s by the Kerala Government as part of the laksham veedu (translated to one 
lakh) Housing Scheme for landless agricultural labour households [13, 40]. We defined overcrowding as five or more 
individuals living in a 23 m2 dwelling based on the UN definition of overcrowding as more than one-person/5 m2 floor 
area [41, 42]. Overcrowding increases the risk of disease transmission, particularly respiratory illnesses such as active 
tuberculosis which has previously been reported as prevalent in this area [40]. Many of these dwellings were poorly main-
tained with farm animals freely roaming through the villages and homes. Other houses were made of organic material 
including bamboo, mud and straw.
1 Personal communication with Dr. Elizabeth Zachariah—NGO representative.
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4  Discussion: possible strategies for achieving the SDGs
4.1  Leadership and the rights of tribal women
The Government of Kerala has made promising strides to establish schemes investing in the health and education of 
young girls [43, 44]. These well-motivated initiatives cannot, however, be assessed effectively if there are no data that 
specifically measure outcomes pre- and post-intervention. Government intervention will be neither effective nor sus-
tainable if members of the local community are not involved. There should be a prioritised effort to involve community 
representatives in policy-making at a grassroots level and in a state-wide, national and international context. Indigenous 
leaders should be active participants in establishing their own development indicators, developing solutions and moni-
toring progress towards achieving these indicators. Sustainability has been a major concern in communities where pre-
vious government interventions have not been successfully adopted. In Attappady, interventions with a once-off point 
of contact, such as childhood immunisation and sterilisation, had greater rates of success than sustained interventions 
that require prolonged immersion and follow-up such as ante-natal care.
Indigenous women should be encouraged to play an active role in decision-making for local community needs. 
This needs to be done in a culturally sensitive manner, especially in settings where there are perceived gender roles in 
society and hierarchies. Female Indigenous spokespeople play a particularly important role when it comes to matters 
of “women’s business”.
The SDGs provide measurable targets for nations around the world to achieve, which highlight areas of success or need 
for social intervention. Emphasising statistical disparities between a vulnerable group and the rest of the population can, 
however, contribute to a ‘deficit-discourse’ in which the outcomes of Indigenous tribal communities are viewed through 
the conventional Western lens [45]. Instead, we advocate a strengths-based approach which has been adopted in the 
Australian Aboriginal and Torres Strait Islander literature [45, 46]. This requires governments, health care researchers and 
workers and policy-makers to work in partnership with communities and individuals to draw on their strengths such as 
their traditional knowledge to improve outcomes.
It is essential to respect cultural values and religious beliefs, and better understand Indigenous people’s attachment 
to the land and ancestral territories. There is important knowledge to be gained from Indigenous communities about 
developing sustainable solutions to improve agricultural practices, especially since these communities are dispropor-
tionately endangered by the consequences of global warming, including loss of land and local resources, livelihoods, 
local biodiversity and worsening inequity [47].
4.2  Improved maternal and child health
The SDG targets stipulate that maternal mortality rates should be below 70 deaths per 100,000 women. In Attappady, 
it is common belief among the tribal people that childbirth is a natural process which does not require intervention. 
High-risk women should, however, be encouraged to access health facilities for ante-natal care and delivery care where 
a skilled attendant is present.
Where there is a shortage of skilled birth attendants, there may be a role for up-skilling and integrating community 
health workers and traditional birth attendants to provide maternity and newborn services. The success of this strategy is 
context-specific and may provide a partial solution [48]. Language and cultural issues present a clear barrier to adequate 
health care. It is vital that health care teams can care for tribal women in a respectful, inclusive manner. Ideally, care 
should be delivered by trained individuals who hail from their own communities or with interpreters, so that women 
do not feel alienated or inferior. Cultural sensitivity training for external health care workers may assist in providing 
respectful care.
There is some evidence for implementing schemes that offer financial incentives to improve maternal outcomes [49]. 
In Attappady, the Scheduled Tribes Development Department division of the State Government has an initiative called 
“Janani-JanmaRaksha” which provides financial assistance of 1000 rupees per month to women from the third month 
of pregnancy to the completion of the child’s first year of life [43]. In Orissa, India, two programmes—a conditional cash 
transfer programme (the JSY) and Mamata—were established by the Government to offer partial wage compensation for 
women to receive ante-natal care, deliver in health facilities, improve antenatal and infant nutrition, post-natal care and 
immunisation [50]. To address access, one potential solution is to establish maternity shelters that encourage pregnant 
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women to stay there towards the end of their pregnancies. These maternity homes were implemented in Eritrea in 2007, 
leading to a 56% increase in facility deliveries and no maternal deaths in the 20 months following its introduction [51].
Attappady can be considered a success in terms of the high uptake of female sterilisation as a method of contraception. 
This method could be implemented in other regions as it is a one-off intervention with proven efficacy. Sexual health 
education and awareness for men and women regarding other methods of contraception including barrier contracep-
tion is required in reducing rates of sexually transmitted infections (STIs). Prevalence of STIs are not estimated in this 
study. A United Nations report on worldwide Indigenous groups found that there are high rates of sexually transmitted 
infections in several Asian countries including Thailand, Myanmar, India, Nepal and Indonesia [52].
4.3  Improved food security
The tribal relationship to the land and local biodiversity affects their livelihood as well as nutrition. Loss of land and 
displacement of marginalised groups can result in loss of control over their resources, including land and natural 
resources [1]. With mass deforestation and change in biodiversity, the tribal diet has become impoverished of nutri-
tious content which is particularly problematic for pregnant women and children. The evidence supporting man-
datory food fortification is equivocal with respect to improving the nutritional status of whole communities [53, 
54]. Lately, Attappady’s local government has overseen the revival of an old tribal tradition “Ooraduppu” or Hamlet 
Hearth with 192 community kitchens set up to cater food for more than 13,000 tribal people and special kitchens 
for pregnant women [53]. The State Government has also invested 68 million rupees in 2017 into a Millet Village 
scheme to reinvigorate the local production of traditional varieties of millets, pulses and other cereals to improve 
food security in the area, agricultural economy and nutrition of tribal communities [55]. It is yet to be seen whether 
these initiatives will increase the community’s access to nutritious food and reduce malnutrition, especially in vul-
nerable groups (SDG Targets 2.1, 2.2).
4.4  Improved sanitation
Water safety can be a major concern in tribal communities where there is widespread transmission of diarrhoeal ill-
nesses. Though water boiling and treatment would be necessary for surface water sources (lakes, rivers), this would 
require further use of firewood which may be a scarce resource. Other alternatives may include improved water 
sources, such as groundwater. Alternatively, rainwater harvesting technology can be employed. This technology 
would not only guarantee water supply, but it can be used to grow and sell local produce as a source of household 
income [56].
Open defaecation practices needs to be eliminated (SDG Target 6.2) by building sanitation facilities and adequate waste 
disposal systems (SDG Target 6.6). Equally, it is vital to increase hygiene awareness to target behavioural change. In order 
to meet sustainability criteria, a sanitation system has to be cost-effective, socially and culturally acceptable, and aim 
to protect the environment. From a hygiene standpoint, they should reduce the risk of exposure to harmful bacteria at 
every step of the sanitation system chain, from the latrine, to the collection, treatment system, disposal and downstream 
populations. Poorly maintained sanitation facilities can harbour disease and worsen outcomes for these communities.
There should be methods for safe disposal and/or recycling of waste and by-products. The conversion of waste into 
biomass fuel as a renewable form of energy provides one example of a sustainable solution. The entire sanitation system 
should ideally be able to be built, operated and maintained by local communities, reducing their dependence on external 
stakeholders. Sanitation systems should be robust and adaptable when faced with additional risks such as water short-
age or flooding. From an economic standpoint, communities should benefit from running sanitation and wastewater 
systems by earning income from operation and maintenance, and indirectly from increased agricultural yield if refuse 
is converted into organic fertiliser.
It is not an infrequent occurrence where well-meaning groups and NGOs arrive in local Indigenous communities to 
install clean water and sanitation facilities and build housing. It is evident that without close community partnership, ini-
tiatives are destined to fail. There is no one-size-fits-all approach when it comes to solutions for clean water and sanitation 
systems. There needs to be local partnership with community leaders from each hamlet in the design and maintenance 
of infrastructure for these interventions to be sustainable and have long-term benefit.
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4.5  Education
Health literacy and education is essential to improving women’s health and wellbeing. The State Government has offered 
scholarships and subsidies that incentivise girls and young women to seek secondary and tertiary education. Vocational 
training schemes are equally important for girls who do not plan to pursue more traditional professional courses. There 
are two promising new initiatives announced by the State Government. The Gothrabandhu Scheme aims to engage 
tribal teachers in primary schools and the Gothra Valsalyanidhi scheme which is an endowment for tribal girl children 
born after April 2017 to ensure they are registered at birth, immunised and educated to a minimum level of Standard 
10. The endowment can be extended to paying for higher education [44]. The effectiveness of these schemes have yet 
to be evaluated.
The educational content of primary and secondary education also needs closer scrutiny (SDG Target 4.1). The curricu-
lum needs to include knowledge of local tribal culture and customs and encourage young girls to understand their own 
cultural beliefs, practices and share this knowledge. Practical life skills need to be honed (e.g. entrepreneurship, adminis-
trative, collaborative, problem-solving skills). Empowered, self-determined tribal women can improve their own financial 
prospects and wellbeing along with their communities (SDG Target 4.4) [57]. Improving health literacy and inculcating 
positive health-seeking behaviours that improve health status (i.e. hand-washing, boiling drinking water and wearing 
closed footwear outdoors) should be integrated into the curriculum [56]. Vocational training in priority areas identified 
by the community (e.g. agriculture, education, health-care, construction, etc.) could be offered beyond schooling and 
segue into employment in the community (SDG Targets 4.3 and 4.5).
4.6  Health care access
The UN reported that in some Asian countries, due to the remote location of Indigenous Peoples and lack of govern-
ment response to improving health infrastructure, the majority of these communities rely on traditional medicines 
[58]. One potential strategy to improve access is medical outreach camps with travelling doctors and nurses that visit 
remote communities. More Kurumbar and Mudugar women reported some form of health care contact in spite of longer 
travel distances compared with Irular women. This indicates the potential success of medical outreach camps. However, 
emergency care is not readily available and health care access is particularly difficult for remote communities and almost 
impossible in monsoon seasons. A Hindu Times news article reported how a Kurumbar family carried a pregnant woman 
in labour on a makeshift stretcher for seven kilometres through dense forests and streams to the nearest healthcare 
facility [59]. Many women in remote hamlets reported difficulty accessing a health care facility if they needed it. Better 
infrastructure including roads and transportation are required to bridge the gap in health care access.
Affordability also presents a major access issue for Indigenous and tribal women. In Nepal, 43% of Indigenous women 
reported being unable to access health care services due to cost. The poverty gap in most Asian counties appears to be 
widening and threatens to worsen health care access for Indigenous women [60]. 
Health care facilities are also often understaffed and the health workforce is transient. When staff are not accustomed 
to the cultural norms of the population, there can be mistrust of health care providers. In Attappady, one of the women 
from the Mudugar tribes completed her medical degree and returned to Attappady as a doctor along with her husband 
who became the district medical officer.2 There should be a targeted effort to provide incentives for young men and 
women to pursue these career pathways. Women from tribal communities can be actively recruited to health care teams 
as nurses and local health care workers. Indigenous representation in health care will improve access to health care for 
tribal communities.
4.7  Study limitations and recommendations for future research
With a small study sample size, there is risk of sampling error. Consecutive sampling can introduce volunteer bias if 
healthier individuals are more willing to participate and have had better health outcomes than those who did not 
participate in our study. The self-reporting nature of this study introduces recall bias. Further research is needed with 
robust disaggregated data for different tribal communities. The importance of collecting disaggregated data cannot be 
underestimated. Providing averages for large groups mask discrepancies in health outcomes in vulnerable population 
2 Personal communication with Dr. Prabhu Das—District Medical Officer of Attappady.
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sub-groups. Dissemination and transparent reporting of disaggregated data would highlight where disparities exist and 
drive more effective social policies and investments [61]. Research is also required to (1) better understand traditional 
knowledge systems, (2) evaluate the sustainability and efficacy of existing social and health interventions such as mobile 
clinics and, (3) identify areas where employable skills may lie (midwives, health workers or teachers) to increase their 
workforce capacity. Understanding how Kerala addresses the inequities affecting tribal populations health can confer 
benefits to researchers and policy-makers worldwide.
5  Conclusion
Attappady’s tribal communities are making progress towards the 2030 SDGs with promising initiatives that demonstrate 
a shift in the Government’s focus on sustainable development. In Attappady, areas that require ongoing attention include 
girls’ education, health literacy, sanitation and addressing barriers to accessing health care, especially ante-natal care. 
Robust data need to be collected to highlight where health gaps exist for Indigenous peoples, not only in Kerala, but also 
globally. Women are likely to be the key to improving the overall health and well-being of their communities. Sustainable 
and effective community development requires a strengths-based approach with sensitivity to local tribal cultures and 
systems and emphasis on education, participation, empowerment and partnership with Indigenous women.
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